hexamethyldisiloxane (HMDS). The composi tion range exhibiting spinnability has been deter mined. Spinnability has been improved by the addition of HMDS; the increase in the viscosity of spinnable solutions becomes moderate and the range of the amount of water which can be used without losing spinnability of the solution is widened. Conversion of gel fibers to silica glass fibers has been attempted. The structure of the fibers obtained in this method is discussed.
2. Experimental 2.1 Preparation of solutions and gel fibers Table 1 shows the compositions of the solutions used in this study. The total amount of silicon in each batch was adjusted at 0.1mol, considering that one mole of HMDS contains two moles of silicon. The ratio of silicon in HMDS to total silicon, r, was varied from 0 to 0.667. The ratio of the added water to the total silicon was varied from 0.7 to 15. TEOS (Kishida Kagaku) and HMDS (Shin-etsu Kagaku Kogyo) were diluted with 99.5vol% ethanol in 100ml beakers. Distil led water and nitric acid diluted with ethanol were dropwisely added to the former solutions under vigorous stirring. The amount of nitric acid added to each solution was 0.001mol. The amount of ethanol, which does not affect fiber drawing behavior, was controlled to avoid immis cibility of the solutions. The duration for possible drawing and the maximum length of a drawn fiber is shown in Table 1 . The range of the amount of water for the solutions exhibiting spinnability is widened with an increase in r. The minimum amount of water necessary for the occurrence of spinnability (MIW) is at first reduced as r increases from 0 to 0.25, then MIW increases with an increase in r from 0.25 to 0.6. The maximun amount of water permissible for the occurrence of spinnability (MAW) increases monotonously with an increase in r. The limiting value of r for the occurrence of spinnability ranges between 0.6 and 0.667. The duration for drawing is elongated and the spinnability, as expressed by the maximum length of a drawn fiber, is improved with an increase in r since the increase in the viscosity of spinnable solutions becomes moderate. When r ranges from 0.25 to 0.6, the almost all the starting solution is drawn into fibers. In contrast, only a small amount of fibers can be drawn when r=0. For comparison, the result for methyltriethoxysilane (MTES) is shown. MTES shows a fiber-drawing behavior similar to TEOS. (6) .
When r is 0.5, 
would increase with an increase in r and when r is 0.667, In case of fiber-drawing from TEOS and MTES, linear polymeric particles with triple and double siloxane chains would be produced,8), respectively. Sakka et al.8) studied the spinnabil ity of the solutions prepared from MTES and dimethyldiethoxysilane (DMDES), and found that the solutions prepared from the former exhibit spinnability while those prepared from the latter do not. They concluded that the oligomers with only single siloxane chain resulted from DMDES, (-Si(CH3)2-O-)n are so flexible that they can not remain linear polymeric particles responcible for spinnability. (6) and (7) may correspond to MTES and DMDES since they have three and two functional groups, respectively. The present experimental result, that spinnability occurs when r is less than 0.667, is analogous to the result of Sakka et al.8) Considering the limiting value of r for the occurrence of spinnability, 0.667, it is assumed that the structure of the fibers obtained from the present system would also be linear polymeric particles containing double and triple siloxane chains capped with trimethylsilyl groups, de pending on the value of r.
where X represents a trimethylsilyl group. When r is bigger than 0.5, (7) would terminate chains (8) and make the chains shorter. It would weaken the structure of the fibers. The ex perimental result that the fibers obtained from the solutions of r=0. 6 could not be converted to glass fibers, would support this consideration.
The increase in the viscosity of the solutions is slowed down by the addition of HMDS. This should be due to the effects of TMS; the formation of three-dimensional network would be slowed down since trimethylsilyl group prohibits further polymerization.
It should be noted that MTES does not show an elongated duration for fiber drawing like the solutions of r=0. 5 in spite of the fact that MTES has a methyl group impossible to polymerize. The amount of water will be discussed. The decrease in MIW for 0<r<0.25 is explained from a stoichiometric consideration since the number of the sites which undergo hydrolysis decreases with an increase in r. However, the following increase in MIW for 0.25<r<0.6 and the increase in MAW for 0<r<0. 6 can not be explained from stoichiometry. For example, for r=0.5, spinnability occurs only when a stoichiometrically excess amount of water is added. 0.225mol of water is stoichiometric for a complete hydrolysis of TEOS and HMDS. It is assumed that the amount of water may affect the type of TMS'ed units. For example, trimers TMS'ed on either terminal silicon atoms (Fig. 3.  (a) ) can polymerize to form linear polymeric particles with triple siloxane chains while those TMS'ed on the center silicons ( Fig. 3. (b) ) would have difficulties in the formation of such linear polymeric particles. Addition of an excess amount of water may preferencially produce oli gomers of the type of (a). Once these oligomers are produced, the excess amount of water would not play rolls. However, further studies are needed on this point.
Conclusion
( 1 ) Preparation of silica glass fibers from tetraethylorthosilicate (TEOS) and hexamethyl disiloxane (HMDS) were studied. The duration for fiber drawing is elongated and spinnability is improved by an addition of HMDS. The range of added water for the occurrence of spinnability is
